of S-adenosylmethionine (AdoMet),5 the major methyl donor ( Fig. 1 and Fig. 2 ), are myriad, and its importance is evident from the many recent reviews and papers on the subject of methylation, especially in gene expression or repression. This review attempts to highlight the latest, most significant, and challenging areas in the biochemistry of AdoMet and methylation.
AdoMet SYNTHESIS AND THERAPEUTIC USE
The synthesis of AdoMet is catalyzed by AdoMet synthetase, which transfers the adenosyl portion of ATP to methionine, and explains the sometimes used name of methionine adenosyltransferase for this enzyme (Fig. 1 ). The remaining tripolyphosphate portion of ATP is hydrolyzed simultaneously to Pi and PPi by the intrinsic tnpolyphosphatase activity of the enzyme.
AdoMet itself exists in two stereoisomers, (S, S)-AdoMet and (R, S)-
AdoMet, and the chirality at the sulfonium center is an important determinant for biological activity. While the (S, S) enantiomer is the biologically active form, (R, S)-AdoMet is a potent inhibitor of methylases (1) and constitutes 3% of the total AdoMet found in mouse liver (2) . S-adenosylhomocysteine (AdoHcy) is formed after the transfer of a methyl group from AdoMet to a methyl acceptor.
tTo whom correspondence and reprint requests should be addressed. 
AdoMet DECARBOXYLASE AND POLYAMINES
Another important aspect of AdoMet is that it is the sole donor of an aminopropyl group that is added to putreseine (1,4-diaminobutane) to form the polyamine spermidine, and by a subsequent similar reaction adds another aminopropyl group to form spermine. The pharmacological intervention by drugs of the polyamine pathway and its associated enzyme, AdoMet decarboxylase, has been reviewed recently (16) 
there is only a modest efficacy of this drug in several tumor models in vivo (16) , it is a highly potent drug in the cure of Trypanosoma brucei brucei infections in mice, and is at least 100-fold more potent than difluoromethylornithine.
The latter is an inhibitor of orriithine decarboxylase, which blocks the synthesis of putrescine, and is a drug used for the treatment of West African sleeping sickness caused by Trypanosoma brucei gambiense.
PARTICIPATION OF AdoMet IN FRUIT RIPENING
Ethylene is a fruit ripening hormone and ultimately controls plant senescence (17) . (6, (20) (21) (22) (23) (24) . After the administration of inhibitors of AdoHcy hydrolase to cells or animals, there is normally an accumulation of intracellular AdoHcy higher than that of controls (6) . AdoMet is also accumulated normally because of the feedback inhibition by AdoHcy on most methylation reactions. The discovery of 3-deaza-adenosine (DZA) as a potent inhibitor of AdoHcy hydrolase has led to an unrelenting search for more potent and specific inhibitors of AdoHcy hydrolase.
Among the most potent competitive inhibitors of Adoliey hydrolase are DZAri, 3-deaza-neplanocm (DZNep), neplanocin-A (NepA), DZA, and 4',5'-didehydm-5'-deoxy-5'--fluoroadenosine (20) (21) (22) (23) (24) (25) (Fig. 3) . The many versions of the abbreviations used for the DZA analogs have become very confusing and should be standardized.
The biological and biochemical consequences of the administration of these inhibitors in vitro or in vivo are many. The methylation of phospholipids, proteins, small molecules, DNA, and RNA are all inhibitable by these nucleosides.
Among the more interesting effects of the DZA analogs are the induction of cellular differentiation (6, 25) and the activation of genes and transcription factors (20, 22) . Moreover, the same DZA analogs are also remarkable antivirals in vitro and in vivo, (6, 22) . Despite a span of almost 15 years in developing and using the nucleoside inhibitors of AdoHcy hydrolase, the precise mode of action of these inhibitors remains to be defined for each of their biological effects. Although the inhibition of methylation might account for some of the antiviral effects, the ability of the DZA analogs to undergo phosphorylation to become nucleotides has recently been suggested as part of the mechanism for the activity against human immunodeficiency virus 1 (22) . A detailed discussion on the inhibitors of AdoHcy hydrolase will be the subject of another review to be published later. (26, 29) . For example, retinal rod cGMP phosphodiesterase, a key regulatory enzyme in visual excitation, is also carboxymethylated (29) . However, the carboxymethylation of a protein does not necessarily result in known physiological functions, e.g., calmodulin carboxymethylation (30 (35) .
PROTEIN METHYLATION
With the exception of human A2058 melanoma cells (36) , when the methylation of phospholipids to phosphatidyicholine is inhibited in cells treated with DZA, the rate of phosphatidylcholine synthesis via the CDP-choline pathway is accelerated (37, 38) . What is more interesting is that there is no change in the absolute amounts of (44) .
In animals, between 60 and 90% of CpGs are methylated, but discrete unmethylated CpG loci containing more than 200 bases with a G+C content above 50% and a CpG content similar to GpC are called CpG islands (45) . A CpG count higher than 30 per 500 bp would suggest that the center of the region is unmethylated and can also be a criterion for CpG islands (46) . Another hallmark of CpG islands is its hypersensitivity to Msp I, DNAse I, and S1 nuclease (47 Treatment of animal cells with 5-aza-dC for 2 h leads to a drastic inhibition of mitotic condensation in the inactive X chromosome, without any effects on the active X chromosome and autosomes (64) . Because the duration of 5-aza-dC treatment is so short and the effect is specific for the inactive X chromosome, it seems that DNA demethylation is probably not involved in the alteration of chromatin conformation.
Moreover, the ability of 5-aza-C to modify nuclear genes in organisms possibly devoid of DNA (66), and there is a lack of correlation between DNA methylation and transcriptional inactivation of the chicken lysozyme gene (67) . In adenovirus transformed cells, de novo hypermethylation of a MHC class I transgene does not influence its expression (68) . Similarly, the demethylated 5' promoter region of p53 gene is present in both untransformed and virally transformed Tlymphocytes and is independent of p53 expression (69).
In addition, DNA methylation may not be universally present in all organisms.
There are conflicting reports of the absence of DNA methylation in insects, and there is no detectable cytosine methylation in brine shrimp and yeast, suggesting alternate mechanisms of gene regulation.
An exciting development in the field of DNA methylation is the discovery of methylated DNA-binding proteins, which recognize DNA sequences containing mCpG (70, 71) . In reality, the methylated DNA-binding proteins are transcription factors, and they can up-or down-regulate transcription.
They bind to specific mCpG loci in genes to influence transcription events (72) . For example, the binding of Spi to the y-globin gene promoter is enhanced upon site-specific CpG methylation, resulting in a repression of y-globin synthesis (73) . Further, transcriptional reactivation of methylation-silenced genes can occur without demethylation through the activity of trans-acting factors (74) . Increasingly, cellular factors of a viral host may control viral expression (22) . For example, the binding of protein factors to DNA can override the inhibitory effect of DNA methylation, and at times is dependent on the differentiated state of the cells (82) or on the chromosomal position of the integrated viral gene (82, 85 The incorporation of methyl group in a mature mRNA occurs mainly in m6A (88) . Inhibition of the formation of retroviral m6A causes a decrease in the lengths of spliced mRNA with an accumulation of genome-length RNA (88) . However, inhibition of the methylation of major mRNA sites in the retroviral src gene does not lead to altered expression of steady-state levels of viral RNA species or viral infectivity (89) . It is postulated that cell transformation rather than methylation may be facilitating the expression of the src mRNA.
5'-Cap
The 5'-terminal cap, m7G(5')ppp(S')N, is a ubiquitous feature of eukaryote mRNA. In eukaryotes the capping is catalyzed by guanyltransferases and methylases in the nucleus, but most animal viruses that replicate in the cytoplasm also contain similarenzymes and produce capped mRNAs (90) (91) (92) In contrast, U3 snRNA, a nucleolar snRNA that participates in the rRNA processing, is retained within the nucleus where it undergoes trimethylation of its 5' cap (95) .
tRNA
The methylation of the 2'-O position of specific nucleosides alters the steric conformation of some tRNAs and can render the tRNAs more resistant to enzymatic digestion (96) . Apart from its methyl donating ability, AdoMet also serves as the donor of its ribose moiety to form the epoxycyclopentane residue of queuosine tRNAs (97) . In addition, the 3-amino-3-carboxypropyl group of AdoMet can be donated to tRNA to form 3-(3-amino-3-carboxypropyl)uridine in tRNA' of E. coli (98) . Because of journal policy limiting the number of references cited, we apologize for not having been able to cite all relevant literature.
PERSPECTIVES

